INTRODUCTION
============

Breast cancer is the second malignant tumor in incidence and the main cause of cancer deaths among women in Brazil^([@r01])^. However, different molecular subtypes of breast carcinomas may present with different prognosis and therapeutic responses. For example, the tumors that express hormone receptors are generally better differentiated and have better prognosis. Several histological and immunohistochemical factors have been taken into consideration in the evaluation of tumors aggressiveness and to classify a tumor into a specific molecular subtype for appropriate therapeutic planning^([@r02])^. Imaging methods play a fundamental role in the screening, diagnosis and management of breast cancer patients. Because of limitations of conventional imaging methods (mammography and ultrasonography), magnetic resonance imaging (MRI) and new functional imaging methods have been increasingly utilized^([@r03],[@r04])^.

Positron emission tomography/computed tomography (PET/CT) with ^18^F-fluoro-2-deoxy-D-glucose ^(18^F-FDG) has been widely utilized for the diagnosis, staging and restaging of different types of cancer^([@r05]-[@r07])^. Differently from conventional imaging methods capable of detecting only anatomical changes, ^18^F-FDG PET/CT is capable of providing information related to glucose metabolism in the various organs and tissues. However, the ^18^F-FDG uptake by the tumors is variable, depending on the organ of origin and the type of tumor.

For breast cancer patients, ^18^F-FDG PET/CT plays a proven role in the detection of distant metastases, tumor recurrence and evaluation of therapeutic response. However, for the diagnosis of primary breast lesions and locoregional staging, ^18^F-FDG PET/CT has a limited diagnostic value as compared with other imaging methods^([@r08],[@r09])^. In the literature, ^18^F-FDG PET/CT has demonstrated sensitivity of 64-96% and specificity of 73-100% for the diagnosis of suspicious breast lesions^([@r10])^. The main limitations of ^18^F-FDG PET/CT in the diagnosis of breast lesions are related to low spatial resolution of PET, impairing the identification of lesions smaller than 10 mm. For tumors smaller than 10 mm, the sensitivity of ^18^F-FDG PET/CT is 25%, while for tumors between 10 mm and 20 mm the sensitivity is 84%^([@r11])^. The ^18^F-FDG uptake is also lower in noninvasive tumors such as ductal carcinoma in situ (DCIS) or in slow-growth tumors such as tubular carcinoma. Additionally, ^18^F-FDG PET/CT is less sensitive for the diagnosis of invasive lobular carcinoma (ILC) in relation to invasive ductal carcinoma (IDC)^([@r09],[@r12])^.

The purpose of this study was to correlate the results of ^18^F-FDG PET/CT performed according to a specific protocol for the evaluation of breasts with histological and immunohistochemical findings in patients with breast carcinoma.

MATERIALS AND METHODS
=====================

Cross-sectional, unicenter study, with prospective data collection, involving patients with biopsy-confirmed breast carcinomas. Prior to the data collection, the study was approved by the Committee for Ethics in Research of the institution.

Patients presenting with suspicious breast lesions and formal indication for biopsy, whether percutaneous or surgical, in the period between May 2010 and January 2012, were invited to participate in the study. After agreement and signature of a term of free and informed consent, the patients underwent ^18^F-FDG PET/CT performed according to a specific protocol for the present study, before the collection of material for the histopathological study.

Exclusion criteria were the following: patients with breast lesions smaller than 5 mm; patients submitted to breast biopsy up to 15 days before PET/CT; patients undergoing radiotherapy or chemotherapy and those who had received the last treatment dose less than 30 days before PET/CT; pregnant or breastfeeding women; and those patients whose biopsy results were compatible with benign lesions.

The study sample included 50 patients with ages ranging from 29 to 75 years (mean 47.4 years; standard deviation 11.3 years). Family history of breast cancer was present in 18 patients (35.0%) and only 3 patients (6.0%) had a previous diagnosis of breast cancer.

The PET/CT exams were performed with a dedicated Philips Gemini PET/CT apparatus after ^18^F-FDG injection (0.154 mCi/kg of weight), under fasting conditions and muscular rest. Before ^18^F-FDG administration, capillary blood glucose level to ensure glucose serum levels \< 150 mg/dl. Images acquisition was initiated in the interval between 60 and 120 minutes after the dose administration. The PET/CT images acquisition was performed according to the standard protocol for oncologic evaluation consisting of whole body imaging with the patient in dorsal decubitus. Subsequently, a special images sequence was acquired exclusively for the evaluation of the breasts, covering the chest region and the axillae, with the patient in ventral decubitus with the breasts hanging freely, allowing the complete visualization of the breast parenchyma. For the PET/CT images acquisition for breast evaluation a device was especially made, reproducing the shape of the coil utilized in breast MRI ([Figure 1](#f01){ref-type="fig"}). The cephalocaudal acquisition initiates with contiguous tomographic 2.5 mm-thick sections performed in the two-channel helical system without the utilization of intravenous contrast agent, followed by the acquisition of the ^18^F-FDG images by the coupled PET. Each 15 cm axial field of view bed position was acquired with acquisition time of 90 seconds.

![Device constructed to perform PET/CT with the patient in ventral decubitus and with her breasts hanging freely.](rb-47-02-0067-g01){#f01}

The interpretation and evaluation of the ^18^F-FDG PET/CT images were performed by at least two experienced nuclear medicine physicians. The areas with increased ^18^F-FDG uptake in relation to normal breast parenchyma were considered as positive, and the calculation of maximum SUV was made for each region of interest. For data analysis, one considered only the maximum SUV measured on the breast PET/CT images acquired in ventral decubitus. The PET/CT findings were compared with histological and immunohistochemical data.

The histological data were obtained from reports provided by the Anatomical Pathology Department of the hospital. The following morphological and immunohistochemical parameters were observed: histological type, histological grade, nuclear grade, mitotic index, estrogen and progesterone hormone receptors and Her-2 and Ki-67 expression. As the immunohistochemical profile was considered, breast carcinomas were classified into four molecular subtypes, as follows: luminal A (positive for estrogen and/or progesterone receptor, with low expression of cell proliferation markers); luminal B (positive for estrogen and/or progesterone receptor, with overexpressed Her-2 or high expression of cell proliferation markers); Her-2 (negative for hormone receptors and overexpressed Her-2); and triple negative (negative for hormone and Her-2 receptors).

All the obtained data were stored in a databank for statistical analysis by means of the SPSS release 20.0. The descriptive analysis of categorical variables comprised the calculation of simple and relative frequencies. The numeric variables were described as mean, standard deviation (SD), minimum and maximum. In the statistical analysis the Student\'s *t* test was utilized (or the Mann Whitney non-parametric test, as indicated) for comparison of scalar variables between two groups. In the case of three or more groups, the variance analysis test or the Kruskal-Wallis non-parametric test were utilized. The comparison between two continuous variables was performed by means of linear correlation and dispersion charts. For the study of categorical variables, 2 × 2 and 2 × 3 tables were utilized, with evaluation of statistical significance by means of the Pearson\'s chi-squared test with Yates correction for continuity or the Fisher\'s exact test, as indicated. Those results with probability of type I error ≤ 5% (*p* ≤ 0.05) were considered as being statistically significant.

RESULTS
=======

In the present study, 59 malignant breast lesions were identified in the 50 patients. The maximum lesion diameter ranged from 6 to 80 mm, with a mean diameter of 32.2 mm (SD 18.4 mm). The histological analysis was performed by means of percutaneous biopsy in 32 lesions (54.2%) and surgical resection in 27 lesions (45.8%). The most common histological type was IDC (*n* = 47; 79.7%), followed by ILC (*n* = 6; 10.2%), mucinous carcinoma (*n* = 2; 3.4%), DCIS (*n* = 2; 3.4%) and Paget\'s disease (*n* = 2; 3.4%). Breast carcinomas histological and immunohistochemical characteristics are described on [Table 1](#t01){ref-type="table"}.

###### 

Histological and immunohistochemical characteristics of breast carcinomas (*n* = 59).

  Characteristic                  *n*               Percentage   
  ------------------------------- ----------------- ------------ -------
  Histological grade (*n* = 51)                                  
                                  I                 7            13.7%
                                  II                22           43.1%
                                  III               22           43.1%
  Nuclear grade (*n* = 54)                                       
                                  I                 3            5.6%
                                  II                12           22.2%
                                  III               39           72.2%
  Molecular subtype (*n* = 58)                                   
                                  Luminal A         17           29.3%
                                  Luminal B         27           46.6%
                                  Her-2             5            8.6%
                                  Triple-negative   9            15.5%
  Ki-67 expression (*n* = 54)                                    
                                  ≤ 15%             17           31.5%
                                  \> 15%            37           68.5%

At PET/CT, 53 (89.8%) of the lesions presented with anomalous ^18^F-FDG uptake, and maximum SUVs ranged from 0.8 to 23.1 (mean 5.5; SD 5.0). [Figures 2](#f02){ref-type="fig"} and [3](#f03){ref-type="fig"} show PET/CT images of positive breast carcinomas. Six lesions (10.2%) did not present anomalous ^18^F-FDG uptake, thus being considered as false-negative results, and three out of them had diameters \< 10 mm while the largest lesion presented a maximum diameter of 15 mm. At immunohistochemical analysis, all the tumors with false-negative results at PET/CT were positive for hormone receptors.

![A 63-year-old female patient with ductal carcinoma in situ located in the inferomedial quadrant of her left breast. Axial and sagittal breast-dedicated PET/CT images demonstrating slightly increased FDG uptake on the lesion\'s topography in the left breast (maximum SUV: 1.7).](rb-47-02-0067-g02){#f02}

![A 42-year-old female patient with invasive ductal carcinoma (triple-negative subtype) in the superolateral quadrant of her left breast in association with axillary lymph node enlargement and diffuse skin thickening in that breast (inflammatory tumor). Axial and sagittal breast-dedicated PET/CT images demonstrating heterogeneously increased FDG uptake on the mass topography in the left breast (maximum SUV: 10.9) and in the enlarged axillary lymph node (maximum SUV: 11.2).](rb-47-02-0067-g03){#f03}

Histological grade, nuclear grade and Ki-67 expression were the histological/immunohistochemical factors of breast carcinomas which presented with statistically significant association with positive results at PET/CT. All tumors which did not express hormone receptors (subtypes Her-2 and triple-negative) were positive at PET/CT. Histological/immunohistochemical factors associated with higher maximum SUV values in malignant lesions were the following: histological type, molecular subtype, tumor diameter, mitotic index and Ki-67 expression ([Table 2](#t02){ref-type="table"}, [Figures 4](#f04){ref-type="fig"}, [5](#f05){ref-type="fig"} and [6](#f06){ref-type="fig"}).

###### 

Correlation between histological/immunohistochemical factors and maximum SUV value of breast carcinomas (n = 59).

                       Maximum SUV                              
  -------------------- --------------------------- ------ ----- -------
  Histological type                                             
                       Invasive ductal carcinoma   6.3    5.3   0.005
                       Others                      2.2    1.5   
  Histological grade                                            
                       I                           1.6    1.1   0.001
                       II                          4.2    3.7   
                       III                         8.1    5.8   
  Nuclear grade                                                 
                       I                           1.4    1.2   0.081
                       II                          4.3    3.5   
                       III                         5.4    5.0   
  Molecular subtype                                             
                       Luminal A                   3.5    3.5   0.006
                       Luminal B                   4.9    3.9   
                       Her-2                       4.8    3.7   
                       Triple-negative             11.9   6.7   

![Dispersion chart demonstrating correlation between maximum SUV value and the largest diameter of breast carcinomas (*n* = 59). It is expected that maximum SUV increases in 0.14 for every 1 mm increment in tumor diameter (*p* \< 0.0001).](rb-47-02-0067-g04){#f04}

![Dispersion chart demonstrating correlation between maximum SUV value and the mitotic index in the breast carcinomas (*n* = 59). It is expected that the maximum SUV increases on 0.17 for each unit increment in the number of mitoses (*p* = 0.0005).](rb-47-02-0067-g05){#f05}

![Dispersion chart demonstrating correlation between maximum SUV value and Ki-67 expression in breast carcinomas (*n* = 59). It is expected that the maximum SUV increases in 0.09 for every 1% increment in the Ki-67expression (*p* \< 0.0001).](rb-47-02-0067-g06){#f06}

DISCUSSION
==========

The results of the present study demonstrate that PET/CT performed in ventral decubitus, with a specific protocol for breast evaluation, has high sensitivity for the diagnosis of breast carcinomas, and is positive in approximately 90% of the cases of malignant tumors.

Since 1999, when Yutani et al. first described the utilization of PET with the patient in ventral decubitus, several authors demonstrated the advantages of such positioning in the evaluation of breast lesions^([@r13])^. In the prone position, PET/CT increases the detection of breast cancer because of higher contrast between tumor-like and non-tumor-like tissues and higher SUV values presented by breast tumors in this acquisition modality, as compared with PET performed in the supine position, increasing the observer\'s confidence in the evaluation of areas of abnormal metabolism^([@r13]-[@r15])^.

The spatial resolution of the method was the main limitation observed in the present study, considering the PET equipment currently available in the market. Six false-negative results were observed and in three of them, the diameter was \< 10 mm, while the largest tumor had a 15 mm in diameter. In the present study, all the false-negative lesions at PET/CT were identified at MRI. Several authors had already demonstrated the lower sensitivity of PET for lesions \< 10 mm^([@r16],[@r17])^. Kumar et al., for example, have correlated clinical and pathological factors associated with PET results in breast lesions and found that small (≤ 10 mm) and low grade tumors are strong predictors of false-negative results^([@r16])^.

Some authors have attempted to establish a cut-off point for the maximum SUV value to differentiate benign from malignant breast lesions^([@r18])^. However, most studies have demonstrated that considering any cut-off point, many diagnoses would be missed because of low SUV values presented by some types of breast carcinomas, particularly low grade tumors^([@r15],[@r19])^. Thus, most current studies consider that all lesions with ^18^F-FDG uptake above that of normal tissue should be considered suspicious. In such cases, it is fundamental to correlate conventional imaging studies, clinical data and histological results, as necessary, to rule out possible false-positive results, which may be related to acute or chronic inflammatory processes, breastfeeding, benign lesions (fibrocystic changes, fibroadenomas, etc.), silicone granulomas, fat necrosis and postoperative/actinic changes^([@r20])^.

As demonstrated by other authors, the present study confirms that PET has the potential to identify more aggressive breast tumors as well as their prognostic implications, and may be a useful tool for predicting the biological characteristics of the tumor before treatment. The following factors were associated with higher maximum SUV values in malignant lesions: histological type and grade, molecular subtype, tumor diameter, mitotic index and Ki-67 expression. As regards histological type, IDCs presented SUV values above the combination of the other carcinomas found in the present study\'s sample (mucinous carcinoma, ILC, DCIS and Paget\'s disease).

Regarding the molecular subtype, it is important to highlight that all tumors negative for hormone receptors (subtypes Her-2 and triple negative) presented anomalous ^18^F-FDG uptake at PET/CT. Such results are in agreement with those reported by other studies in the literature^([@r21]-[@r23])^. Less-differentiated tumors without hormone receptors are more aggressive and have a more accelerated glucose metabolism to supply the rapid growth demand. Basu et al. have found a 100% PET sensitivity in breast cancers of \"triple-negative\" subtype, and greater ^18^F-FDG uptake in this subtype as compared with the subtypes with positive hormone receptors. Those authors have suggested that PET/CT may be an important marker for tumor activity and treatment response in such tumors^([@r21])^.

Ueda et al. have assessed 152 breast cancer patients and, at multivariate analysis, found that the invasive tumor size, nuclear grade and negativity for estrogen receptor were associated with higher SUV values^([@r22])^. Mavi et al. have also demonstrated that breast tumors negative for estrogen receptors have maximum SUV values significantly higher than those positive for estrogen receptors. In that same study, the authors have found 25 tumors \> 5 mm in the surgical specimens which did not present increased ^18^F-FDG uptake, and all of such tumors were positive for hormone receptors^([@r23])^. In the present study the authors could observe that all false-negative PET/CT results were positive for hormone receptors (luminal A and luminal B subtypes).

Several methods are being developed to improve the current results of ^18^F-FDG PET/CT in the diagnosis of breast lesions. For example, in the last years a specific and dedicated apparatus was developed for acquisition of three-dimensional breast ^18^F-FDG PET/CT images under slight compression, and in the same planes as in mammography. This new imaging modality called positron emission mammography (PEM) presents the following main advantages in relation to PET/CT: high spatial resolution, being capable of identifying lesions as small as 2 mm; correlation with mammographic images; and possibility of guiding percutaneous biopsies^([@r24])^. Such a method has demonstrated high diagnostic accuracy for primary breast lesions, including carcinomas in situ, with sensitivity and specificity of up to 91% and 93% respectively^([@r25],[@r26])^. PEM has also demonstrated to be useful in the preoperative evaluation of breast tumors, with results similar to those of MRI^([@r27])^.

Additionally to increased spatial resolution, new and more specific markers for breast cancer are being developed to overcome ^18^F-FDG PET/CT results, considering the poor ^18^F-FDG specificity. Among these new markers one should highlight ^18^F-16-alpha-17-beta-fluoroestradiol and ^68^Ga-trastuzumab, which can non-invasively depict the tumor expression of estrogen and Her2 receptors, respectively, with potential to be useful in the assessment of therapeutic planning and response^([@r28])^.

It is important to highlight that, with the current technology, PET/CT should not be utilized as the first imaging method for breast cancer diagnosis yet, and the establishment of the therapeutic approach will always depend on histological and immunohistochemical analysis.

CONCLUSION
==========

The ^18^F-FDG PET/CT study performed under specific protocol for breast assessment has good sensitivity for the diagnosis of breast carcinomas, allowing for the identification of most aggressive tumors at histological analysis. The authors of the present study observed statistically significant association between maximum SUV values and relevant histological and immunohistochemical factors related to breast carcinomas aggressiveness and prognosis. The authors believe that the method is potentially useful for a more effective management of breast lesions, in the near future, with the improvement of spatial resolution of the PET apparatuses and the introduction of new radiopharmaceuticals.
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